In order to make the permanent magnet synchronous motor control system has a good dynamic performance and robustness, this paper introduces a design of decoupling controller to realize that. We used an inverse system decoupling control method in the permanent magnet synchronous motor decoupling control, and analysis the mathematics model of the permanent magnet synchronous motor in d-q synchronization reference frame, and put forward the inverse system analytical expressions of the motor. Simulation results show that this method realized the motor speed and torque decoupling, and the system had a good dynamic and static performance and good robustness. This decoupling controller with the inverse system decoupling control methods successfully applies the motor speed and torque decoupling, thus to make the system has a good dynamic and robustness.
Introduction
With the performance of modern permanent magnetic material rising ceaselessly, the permanent magnet synchronous motor (PMSM) performance improves continuously [1] . PMSM is a controlled object of multiple variable, nonlinear and strong coupling [2] . In the modern electrical transmission system, decoupling control is one of the important ways to achieve a high performance motor control [3] [4] .
This paper uses the modern control theory "multivariable nonlinear control method of inverse system" to make the complex and nonlinear coupled system permanent magnet synchronous motor vector control realize linear and decoupling control.
PMSM mathematical model analysis under D-q synchronization coordinates
In considering the ideal situation, the torque equation of face mounting type permanent magnet synchronous motor in the d-q coordinate can be expressed as [5] : 1) Voltage equation： According to the permanent magnet synchronous motor mathematical model analysis, the input of permanent magnet synchronous motor, output, state variable and state equation are as follows [6] : Input:
then state equations are:
It is known from the state equation that the permanent magnet synchronous motor mathematical model acts as a two inputs and two outputs performance with third order nonlinear systems, then we use Interactor algorithm to prove its reversible [7] Step one: Seek an order derivative of y 1
Then Jacobin matrix has full rank, and we can get
Step two: Seek an order derivative of y 2 ,
Then seek a second order derivative of y 2 ' , we can get
Jacobin matrix has full rank, and we can get
The relative order for vector system is  
According to the definition of vector nature order, in the whole Interactor algorithm, the highest order number of derivative respectively of y 1 and y 2 are 1and2, and the vector nature section also is n e =[1,2] T , just the same as vector relative order, so that this system is known by reversible.
We command that:
y v  .So inverse system can be expressed as:
The permanent magnet synchronous motor inverse decoupling control system
Resolved through the establishment of permanent magnet synchronous motor inverse system, a complex nonlinear system of permanent magnet synchronous motor controller design problem is simplified to a linear system controller design problems. However, the above analysis based on accurate mathematical model of the inverse system, can be reflected only when the original system parameters are known accurately and maintain a complex system of linear constant feature of decoupling. For the PMSM the controlled object, with the parameters changing in operating conditions clearly and the load disturbance, the control of analytical inverse system method is difficult to achieve a desired performance. So the current subsystem and speed subsystem, which were designed with current regulator and speed regulator, combine with the inverse system constitutes to form a complex controller to realize the current and speed decoupling control [8] [9] , which is shown in Figure 2 
Simulation results and analysis
In order to verify the feasibility of the control scheme, we took some simulation experiments in accordance with figure 3, and the motor parameters are as follows: 
, which PI regulator was selected for the stator current regulator. The speed regulator system used PD regulator. By our setting, PI regulator parameters are: k p =30, k i =0.1. PD controller parameter settings are:
Permanent magnet synchronous motor is to achieve the inverse system decoupling control of stator current and torque decoupling control of speed, and when the stator excitation current is given as a constant value, the stator current and motor torque is proportional to the load torque. When the motor speed is given to 60rad / s, T L is 5 N·m, the r w mutates to 120rad / s after 0.2s but TL remains 5 N·m; and at 0.4s after T L is stable torque mutates to 10 N·m but r w still is 120rad/s. The curve is shown in figure 4 .
It can be seen from figure4 that permanent magnet synchronous motor speed to maintain a constant leaving the electromagnetic torque mutations, can still maintain a constant speed; the same torque while maintaining a constant rotor speed leaving the mutation, the torque can be kept constant in order to achieve understanding decoupling. Figure 5 shows the disturbances experiment, in which the speed keeps a rated speed, and the load occurs a periodic order step change between 5 Nm to 10 Nm rated load torque. We can see from figure 5 that in the process of load mutation the speed shake in a very short time and jitter amplitude is very small. Thus the strong robustness inverse decoupling control system in the load characteristics of mutations are expressed in test. 
Conclusion
This article shows that inverse system decoupling control method can applied in the permanent magnet synchronous motor decoupling control, and based on the analysis and simplified mathematical model of permanent magnet synchronous motor in d-q synchronous rotation coordinate system, we proposed the analytical expression of permanent magnet synchronous motor , and accordingly designed a decoupling controller. Simulation results show that we achieved a permanent magnet synchronous motor speed and torque decoupling, which is showed in figure 4 , and when the system load is mutated, the speed has good robustness and stability for high-performance permanent magnet synchronous motor, which is showed in figure 5 . And from that we can get a new approach for decoupling control.
